The fifth-generation communications system (5G) will commercialize at 2020 in order to satisfy the increasing demands on data rate and also to enable the internet of things (IoT). One of the most challenging issues in 5G communications network is to provide provisioning quality of service (QoS) while maintaining seamless mobility for user equipment (UE). This paper proposes a QoS-aware handover algorithm based on fuzzy-TOPSIS to trigger and achieve the optimal cell selection. The proposed algorithm integrates both advantages of fuzzy logic and technique for order preference by similarity to an ideal solution (TOPSIS). The weights value of network attributes is first calculated by Entropy and the fuzzy-TOPSIS algorithm are then applied to rank each access networks. This QoS-aware algorithm is able to achieve the optimal Mean Option Score (MOS) for UE by considering QoS related parameters such as network jitter and packet loss ratio. The simulation results indicate that the proposed algorithm can guarantee good QoS while maintaining number of handover at a low level.
Introduction
The fifth-generation communications system will launch in 2020. One of the main features of 5G is to deploy high dense small cell in order to provide ubiquitous connection and provisioning QoS for UE. Owing to this feature and high mobility of future 5G application scenario, there are serious of mobility related issues could be raised i.e. ping-pong handover, handover failures, frequent/unnecessary handover etc. To avoid these effects and ensure good QoS for UE, the handover of UE need to be triggered at the exact right timing and then switch to a base station (BS) with the highest QoS.
The current handover in the LTE system is based on the X2 interface which consists of three stages: the preparation, execution and completion stage [1] . In the preparation stage, the UE will collect handover related information such as reference signal received power (RSRP), received signal strength indication (RSSI) from neighbouring BSs and sends to its serving BSs. Based on this collected information, the serving BSs of UE will decide when to trigger handover and also select one neighbouring BSs as handover target. At the next stage, the serving BS of UE will execute the handover process and switch its connection to targeted BS by adopting a hard HO mechanism. The hard handover operates with the concept of "break before make" and that can result in a short link break before connection of UE switch to the target BS. The handover process ends with the updates of user plane as well as the resources releasing of serving BS. Base on that, if the timing of triggering is too early or too late or the selected target BS is not the most suitable selection, the abnormal handover could occur.
To mitigate the effects of handover triggering, some researchers proposed two parameters which named as handover margin (HOM) and time to trigger (TTT) for triggering. This approach allows a time-interval within handovers and hence to avoid unnecessary handover occurs. However, the value of these two parameters needs to adjust at the different scenario, which need to conduct extensive measuring campaign and data analysis. Fuzzy logic based handover algorithm is an effective tool to conduct multivariate analysis and process uncertainty data within environments which can hence enable both timely and flexibility handover [2] , [3] . However, when the system considers more than three criteria as the input of fuzzy logic, the whole fuzzy inference system will become complicated and difficult to define a proper fuzzy rule.
On the other hand, the conventional HO algorithm use only a single metric i.e. RSSI, RSRP as decision criteria for triggering and target BS selection. As such, the handover process is easily affected by interference and cause UE frequently switch connection between BSs which known as ping-pong effect. In addition, the single metric-based handover cannot satisfy the actual demand of future mobile users. To consider more than one attributes and criteria into BSs selection, one of approach is to adopt multi-attributes decision making (MADM) scheme as shown in [4] - [6] . MADM is a reliable mathematical tool to handle multiple conflicting attributes in a decision-making problem. Thus, the MADM can support serving BS of UE to select the most suitable access networks from various candidates in relation to multiple criteria. In general, there are four types of MADM scheme are widely used, i.e. simple additive weighting (SAW) [7] - [9] , techniques for order preference by similarity for an ideal solution (TOPSIS) [10] - [13] , analytic hierarchy process (AHP) [14] , [15] and Grey relational analysis (GRA). However, these MADM algorithms have several of inherent drawbacks. Firstly, the performance of MADM is highly relying on its weighting method. Normally, the subjective weight value of each criterion is defined by human experience. As the mobile operator may not have full knowledge and experience on related criteria, and hence the heavy reliance on human experience is unreliable. Besides that, the conventional MADM cannot process uncertain and imprecise information within decision-making problem conclusively. When collected data of UE with minor deviation, such as unpredictable radio signal fluctuations, the selected target BS are usually not optimal.
Moreover, to select a suitable BS as handover target while maintaining good QoS is remained as a significant challenge for the mobile operators. The conventional QoS based handover algorithm will frequently switch connection between BSs in order to maintain good MOS. To overcome the drawbacks in fuzzy logic, MADM and QoS aware handover algorithm, this paper presents a novel QoS-aware handover algorithm which integrates both advantages of fuzzy logic and TOPSIS. The proposed algorithm can trigger HO based on the overall performance of serving BSs and each neighbouring BSs. Apart from that, this algorithm can process uncertain data and consider more than one metric such as jitter, packet loss and signal to noise ratio (SNR) to select handover target in order to provide good QoS to mobile user. In addition, the entropy is implemented to obtain objective weight value of each criterion, which can eliminate the subjective error within a human decision.
The rest of this paper is organised as follow: Section 2 shows the comprehensive methodology of fuzzy-MADM handover scheme. And the proposed algorithm will be tested in a simulation environment and compared with the conventional handover algorithm in section 3. The conclusion and future work will be finally given at section 4.
Methodology
The procedure of fuzzy-TOPSIS handover algorithm is shown in Fig 1. In the proposed algorithm, the fuzzy logic is first implemented to convert handover criteria into a crispy format as the input for TOPSIS. The TOPSIS act as the main decisionmaking engine in the algorithm.
While moving, UE will frequently collect handover and QoS related parameters for each neighbouring BS i.e. Packet loss, jitter, SNR, RSSI and report to its serving BS. The BS will form a decision matrix DM for each candidate BS in relation to its criteria as shown in (1).
(1)
In decision matric DM, each element represents the value of the attributes Ai (i from 1 to m) for the handover criteria Cj (j from 1 to n). For example, A1 is BS1 with n handover criteria from x11 to x1n.
In the next stage, each element in DM will be normalized into the dimensionless format by Min-Max scaling approach as shown in (2) and (3) for both benefit and cost handover criteria.
After this stage, the normalized decision matrix can be hence obtained. An objective weighting approach-entropy method is then implemented to obtain weight value for each criterion in order to eliminate human subjective error. The element in normalized decision matrix and its corresponding weight value will be converted to crispy format by mapping into a triangular fuzzy membership function as indicated in (4) and Fig.2 . This stage is known as fuzzification in fuzzy logic. The normalized matrix and weight value are hence converted into the normalized fuzzy decision matrix DM and fuzzy weight array W as (5) and (6) . 
It the normalized fuzzy matrix DM , ̃= ( , , ) represents the fuzzy membership function of jth handover criteria of ith candidate BS; the degree of importance for each handover criteria are represented by ̃= ( 1 , 2 , 3 ) . Afterwards, the DM will multiply with W to calculate weighted and normalized fuzzy decision matrix ̃ as,
Based on ̃, the following stage is to obtain the fuzzy positive ideal solution ( * ) and fuzzy negative ideal solution ( − ) by (8) and (9),
From * and − , the closeness between each candidate BSs to both fuzzy positive and negative ideal solution can be calculated by (10) - (12) ,
Finally, the highest closeness coefficient CCi of each candidate BSs are calculated by (13) . The BSs with the highest CCi is selected as the optimal BS, = − + + − (13) When found the optimal BSn with the highest CCn, the system will compare CCi of the serving BSi with CCn of optimal BSn. Only if when CCn higher than 1.33 times of CCi, the handover will be triggered. And then the connection of UE will handover to selected BSn. Otherwise, the system will remain the connection of UE with current serving BS until meeting the trigger condition.
Performance Evaluation

Simulation environment
A simulation environment was built with MATLAB to validate the effectiveness of the proposed algorithm. The related parameter for the simulation environment is indicated in Table 1 . There are 16 BSs are deployed in a 6000m*6000m scenario, and the distance between each of them is 1800m. The cost-hata model is used as the propagation model for each BSs. The Additive white Gaussian noise (AWGN) is added to the transmitted signal. A single UE will randomly move at this scenario with a constant speed at 120km/h. The RSSI, SNR, jitter and packet loss ratio are used as handover criteria in this paper. The number of handovers, ping-ping handover ratio and MOS are used as performance indicators to evaluate the performance of the proposed algorithm. The conventional RSSI-based handover algorithm, conventional SAW and TOPSIS based handover algorithm are used to compare with the proposed scheme. The ping-pong handover in this paper is defined as when UE handed back to the same serving BS within 10s. The handover ping-pong (HOPP) ratio is calculated as (14) ,
The grade scale of MOS is separated from 5 (best) to 1 (worst). The value of MOS can be determined from either a subjective approach based on user evaluation or objective approach based on measurement of network parameters such as jitter and packet loss ratio. This paper adopts an objective approachan improved E-Model to obtain MOS as proposed in [16] . Fig 3 shows the RSSI of UE from each BSs and simulation results are shown in Fig 4 -Fig 6. As presented in Fig 4, the conventional RSSI based handover algorithm has the highest number of handovers. The RSSI is fluctuating dues to the existing of interference. If only consider RSSI as handover criteria, the UE will frequently switch to BS with higher RSSI and results ping-pong and unnecessary handover. Due to this reason, the RSSI-based handover algorithm also with the highest HOPP ratio as indicated in Fig 5. On the other hand, the proposed fuzzy-TOPSIS based algorithm has a similar number of handover with conventional TOPSIS. However, the HOPP ratio of conventional TOPSIS and SAW is almost three times higher than fuzzy-TOPSIS approach. According to Fig  6, the proposed QoS aware algorithm can achieve the highest MOS value among all conventional approach. The conventional SAW and TOPSIS have almost the same MOS level, while the conventional RSSI-based handover algorithm with the lowest MOS level. Based on that, the proposed algorithm can not only guarantee good QoS for the user but also maintain number of handovers and PPHO ratio at a low level.
Results and Discussion
As shown from the simulation result, the conventional RSSIbased handover algorithm has the worst overall performance because it only considers single-metric as decision criteria. The SAW and TOPSIS have almost the same performance. As mention in the previous section, the performance of the conventional MADM approach highly relies on its weight method. These two MADM approaches adopt the same weighting method, and thus the overall performance of them are similar. The proposed fuzzy-TOPSIS based handover algorithm has the best performance among these methods, which showed that the involvement of fuzzification can minimize the effect of the uncertain weight value and inaccurate information. In the meantime, the TOPSIS in fuzzy-TOPSIS algorithm can select the optimal candidate BS effectively.
Conclusion
This paper proposes a hybrid fuzzy-TOPSIS based QoS aware algorithm which integrates both advantages of fuzzy logic and TOPSIS. The proposed algorithm is able to trigger the handover process based on the overall performance of each BS. On the other hand, this algorithm can select the optimal BS with good QoS by considering multiple handover criteria such as RSSI, SNR, jitter and packet loss ratio. The simulation results showed that the proposed algorithm can provide good QoS for the mobile user and minimize unnecessary/frequency handover. It also outperforms conventional MADM algorithm i.e. SAW, TOPSIS and conventional RSSI-based algorithm. In the future research, the proposed algorithm will be fully tested in different application scenario and applied into heterogeneous communication environment.
